We retrospectively investigated the effect of transurethral resection of the prostate (TURP) on the basis of the degree of obstruction seen in preoperative urodynamic study in patients with benign prostatic hyperplasia (BPH) who complained of lower urinary tract symptoms (LUTS).
INTRODUCTION
Lower urinary tract symptoms (LUTS) are the most common urological condition seen in elderly males, the main cause of which is benign prostatic hyperplasia (BPH) leading to bladder outlet obstruction (BOO) [1, 2] . The most widely used surgical treatment for BPH with LUTS is transurethral resection of the prostate (TURP). Various tests can be used to subjectively assess the degree of preoperative LUTS. Of these, the International Prostate Symptom Score (IPSS) and urodynamic study are the most used. The IPSS is a method to quantify LUTS, and although it is limited by its subjectivity for each patient, its advantage is that it is a noninvasive method that can readily be used in the outpatient setting [3] . Urodynamic study, on the other hand, is more invasive, time-consuming, and costly and thus its need is debatable. However, it is one of the most accurate methods for identifying the cause of LUTS and for describing the symptoms objectively [4] .
It is possible to assess the presence of BOO by using pre-TURP urodynamic study. It is known that those with BOO tend to have more successful operative outcomes, whereas those without BOO have lower success rates [5, 6 ]. Yet, Van Venrooij et al. [7] reported that LUTS had improved after TURP in patients who were found to be unobstructed or equivocal in preoperative urodynamic study. The urodynamic study is the most trustworthy test for objectively assessing the cause and symptoms of LUTS in BPH. However, the effect of TURP for LUTS without BOO has not been clearly identified. We therefore investigated the effect of BOO in preoperative urodynamic studies on the outcome of TURP in BPH patients with LUTS.
MATERIALS AND METHODS
The subjects of this retrospective study were 285 patients of the 338 who visited Eulji General Hospital between 2006 and 2011 for LUTS who were subsequently diagnosed with BPH, underwent TURP, and could be followed up for more than 3 months. We included those who had an IPSS of at least 12, with a maximum urine flow of less than 15 mL/s. The mean age of the patients was 69.1 years (range, 50 to 86 years). All patients underwent preoperative urodynamic study and had their histories taken, as well as a physical examination, urine test, prostate ultrasonography, and assessment of IPSS, quality of life (QoL), and prostate-specific antigen (PSA). The patients were assessed 3 months after the operation by use of the IPSS, QoL, uroflowmetry, and residual urine tests.
The extent of BOO of the patients was assessed by calculating the Abrams-Griffiths (AG) number and the information gained from the preoperative urodynamic study [8] .
AG number = [PdetQmax-(2×Qmax)] where PdetQmax is detrusor pressure at maximum flow and Qmax is maximum flow. Patients with an AG number greater than 40 were classified into the obstructed group, whereas those with an AG number between 20 and 40 were placed in the equivocal group and those with an AG number less than 20 were placed in the unobstructed group. The bladder contractility index (BCI) was calculated as PdetQmax+5Qmax, and detrusor underactivity (DU) was defined as BCI＜100. Indication for operation in the unobstructed group was persistent symptoms even after medication for longer than 3 months. Those who had a history of neurogenic bladder, prostate cancer, urethral strictures, or recurrent urinary tract infections were excluded from this study. In addition, patients with an acontractile detrusor in urodynamic study were excluded.
There were 26 patients in the unobstructed group (9.1%) with a mean age of 69.0 years (range, 50 to 82 years), 98 patients in the equivocal group (34.4%) with a mean age of 68.5 years (range, 51 to 84 years), and 161 patients in the obstructed group (56.5%) with a mean age of 69.8 years (range, 50 to 83 years). The preoperative and postoperative uroflowmetry, residual urine test, IPSS, and QoL variables were compared between the groups to evaluate the outcome of the treatment. Depending on the symptoms, the IPSS questions were divided into those asking about voiding symptoms, such as incomplete voiding, intermittency, weak stream, and hesitancy (questions 1, 3, 5, and 6), and those asking about storage symptoms, such as frequency, urgency, and nocturia (questions 2, 4, and 7), and the scores were compared.
The difference between the clinical markers of each comparison group were compared by using analysis of variance with SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA), and the Bonferroni test was used for post-hoc analysis. A p-value of 0.05 or less was taken to have statistical significance.
RESULTS
There were no significant differences in age or PSA level across the three groups. The mean prostate volume in the obstructed group was 61.6±26.7 g, which was significantly larger than that of the unobstructed group (43.8±21.2 g) and the equivocal group (44.8±19.8 g) (p＜0.001). The preoperative IPSS was 22.8±7.9 in the unobstructed group, 22.4±6.1 in the equivocal group, and 23.4±6.9 in the obstructed group (p=0.567). There was no significant difference in the voiding symptoms or storage symptoms between the three groups. For the QoL assessment, the unobstructed, equivocal, and obstructed groups scored 4.4±1.2, 4.5±1.0, and 4.5±1.1, respectively (p=0.926) ( Table 1 ). The maximum flow rate in the unobstructed group was 9.5±3.2 mL/s, which was not significantly differ- Values are presented as mean±standard deviation or number (%). Qmax, maximum flow rate; AG number, Abrams-Griffiths number; PdetQmax, detrusor pressure at maximum flow rate; BCI, bladder contractility index. Table 2) . The IPSS had decreased to 9.1±7.8 postoperatively from a preoperative score of 22.8±7.9 in the unobstructed group, whereas the score in the equivocal group had decreased from 22.4±6.1 to 8.6±4.5 and that in the obstructed group had decreased from 23.4±6.9 to 8.1±5.4. The reduction in the IPSS in the obstructed group was 14.4, which was greater than the reduction in the equivocal group (12.7) or the unobstructed group (9.5), but this difference was not statistically significant (p=0.227). Dividing the IPSS into voiding and storage symptoms, the reduction in voiding symptom scores in the obstructed group was 9.4, compared with 8.8 in the equivocal group and 7.2 in the unobstructed group. However, this difference was not statistically significant (p=0.615). The reduction in storage symptom scores in the obstructed group was 4.4, compared with 3.7 in the equivocal group and 2.3 in the unobstructed group (p=0.411) ( Table 3 ). The QoL score decreased by 2.2, from 4.4±1.2 preoperatively to 1.7±1.2 postoperatively, in the unobstructed group. In the equivocal group the score was reduced by 2.7 from 4.5±1.0 to 1.8±1.2, and in the obstructive group it was reduced by 2.9 from 4.5±1.1 to 1.5±1.0. There was no statistical difference in the reduction in QoL score between the three groups (p=0.533) ( Table 3) .
The maximum flow rate was increased postoperatively in all three groups. The improvement in maximum flow rate was greater in the obstructed group (7.8±7.2 mL/s) than in the unobstructed group (3.7±6.2 mL/s, p=0.049) but was not significantly different from that of the equivocal group (5.6±6.9 mL/s, p=0.141) ( Table 4 ). The number of patients with improved Qmax of more than 20% from baseline was 20 (76.9%) in the unobstructed group, 89 (90.8%) in the equivocal group, and 150 (93.2%) in the obstructed group. The improvement in maximum flow rate was 6.4±5.0 mL/s, 7.4±5.7 mL/s, and 9.2±6.4 mL/s in the unobstructed group, equivocal group, and obstructed group, respectively (p=0.141).
DISCUSSION
LUTS become more prevalent with increasing age, and the causes include age, bladder dysfunction, infection, and BPH [9] . The prevalence of BPH increases after the age of 50. Of the various causes of LUTS, it is believed that BOO is the main cause in BPH patients [10] . Yet, one cannot say that all BPH patients have BOO. Abrams et al reported that 70% of BPH patients have BOO, whereas Lee et al. [11] reported that only 51% of 100 BPH patients with LUTS had confirmed BOO after urodynamic studies [6] . Seo et al. [12] reported that preoperative urodynamic study revealed that 81% of patients with LUTS for which they received TURP had obstruction, whereas the remaining 19% were unobstructed. Similar to these findings, of the 285 patients in this study, 161 (56.5%) were found to be obstructed, whereas 98 (34.4%) were equivocal and the remaining 26 (9.1%) were unobstructed. The degree of BOO in BPH patients can vary, but the LUTS that patients complain of do not seem to correlate with the presence of BOO. Chung et al. [13] reported that the IPSS in BPH patients with BOO was 27.2, whereas the score in those without BOO was 24.6, showing no significance difference. The QoL score was also not statistically different between the two groups. Similarly, in this study, the IPSS was 22.8 in the unobstructed group, 22.4 in the equivocal group, and 23.4 in the obstructed group, showing no significant difference. The QoL score was 4.1 in the unobstructed group, 4.4 in the equivocal group, and 4.3 in the obstructed group, showing no significant difference. These results suggest that the patients with BPH who complain of LUTS but who are found to have no BOO in urodynamic studies may have symptom severity comparable to that of patients with BOO.
TURP can be said to be the safest and most effective treatment for BPH patients who complain of LUTS [14, 15] . Yet, although the success rate of TURP is relatively high, a subset of patients continue to have symptoms even after the operation. Poor TURP outcome is not related to the prostate volume or the symptom score, but is reported to be associated with older age, high residual urine volume, and detrusor pressure during voiding [16] [17] [18] . Uroflowmetry is most frequently used to indirectly measure the contraction of the detrusor muscles to check for the presence of BOO, but its efficacy has been debated [19] . Uroflowmetry alone cannot distinguish between BOO and detrusor muscle dysfunction, which poses a need for urodynamic study. Of the various urodynamic study components, the pressure-flow test can measure the maximum flow rate and the voiding pressure simultaneously to deliver an objective diagnosis of BOO. The presence of BOO in pre-TURP urodynamic study is an important factor that affects the treatment outcome.
Robertson et al. [20] reported that whereas 79% of BPH patients who had BOO preoperatively had successful surgical outcomes, only 55% without BOO had symptomatic improvement after the operation. Seo et al. [12] also suggested that the surgical success rate of patients who had BOO was 87.2%, which was higher than the success rate of 63.6% of patients without BOO. Thus, it can be said that the postoperative success rate and patient satisfaction is higher in patients who have confirmed BOO in preoperative urodynamic study. However, other studies reported that TURP is still an effective treatment for patients without BOO. Van Venrooij et al. [7] showed that unobstructed and equivocal patients were found to have increased bladder volume and reduced residual urine volume, as well as an improvement in LUTS, thus suggesting that TURP is effective in patients without BOO. In addition, Chung et al. [13] reported that although patients without BOO had smaller IPSS improvement than did those with BOO, the scores in the former patients were reduced from 24.6 to 14.0, showing a significant decrease. The QoL score in patients with BOO was reduced by 2.9, whereas the score in patients without BOO was reduced by 2.2, showing no statistically significant difference between these two groups.
The present study also confirmed that TURP was effective in patients without BOO. The total IPSS decreased after the operation in all three groups of BPH patients. The obstructive group, unobstructed group, and the equivocal group showed decreases of 14.4, 12.7, and 9.5, respectively, which were not significantly different. The voiding symptom score and storage symptom score of the IPSS were not significantly different between the three groups. For the QoL score, the obstructed, equivocal, and unobstructed groups scored 2.9, 2.7, and 2.2, respectively, with no statistically significant difference between the groups. The number of patients with improved Qmax of more than 20% from baseline was 20 (76.9%) in the unobstructed group, 89 (90.8%) in the equivocal group, and 150 (93.2%) in the obstructed group. Furthermore, there was no significant difference in improvement in maximum flow rate between the three groups. Whereas the patients without preoperative BOO had less improvement in the maximum flow rate than did those with preoperative BOO, the improvement of LUTS was not significantly different between these two groups of patients.
Han et al. [21] explained the effect of TURP in patients without BOO by suggesting that patients with weaker de-trusor contractility during pressure-flow study may not be diagnosed with obstruction because of an insufficient increase in detrusor pressure. They reported that TURP can treat the obstruction undiagnosed in the pressure-flow study to improve LUTS. A study by van Venrooij et al. [22] , which compared patients with BOO with patients without BOO by using pre-TURP and 6-month postoperative urodynamic study, showed that the urethral resistance factor was reduced by 70% in the obstructed group, whereas the equivocal and the unobstructed groups also had a 40% reduction. The findings of van Venrooij et al. [22] suggest that the reduction in urethral resistance postoperatively can increase the maximum flow rate in patients without BOO. Those authors suggested that although the increase in the maximum flow rate after TURP was lower in the unobstructed group than in the obstructed group, this increase was significant enough to lead to an improvement in the LUTS. In the present study, the improvement in the maximum flow rate in the unobstructed and the equivocal groups was lower than that of the obstructed group, but still significant, and the IPSS and the QoL scores had also decreased significantly. This finding suggests that in the unobstructed patients with weak detrusor contractility, it was possible to reduce urethral resistance with TURP, so that the LUTS symptoms were improved in the unobstructed group. However, there was no significant difference in preoperative parameters between improved patients and unimproved patients in the unobstructed group. This is because the number of unobstructed patients was too small; therefore, further studies may be required.
Because the causes of LUTS vary widely, it is difficult to explain them with BOO alone. The extent of detrusor contraction and detrusor hyperactivity should also be considered with BOO in urodynamic study to provide a more accurate prognosis. A limitation of this study is that we only assessed the effect of BOO found in the urodynamic studies on the surgical outcome.
The presence of BOO in BPH patients who complain of LUTS will most likely result in good TURP outcome. However, patients without BOO can also expect post-TURP improvement in maximum flow rate and LUTS. Therefore, TURP can be said to be an effective treatment modality for BPH patients with LUTS, both with and without BOO.
CONCLUSIONS
In this study, BPH patients with LUTS but without BOO in urodynamic study showed an improvement in maximum flow rate and LUTS after TURP, although not to the same extent as those who had BOO before TURP. Therefore, TURP can be an effective treatment that leads to symptomatic relief of LUTS in BPH patients, even those without BOO.
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